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A STUDY OF DIFFUSION IN POROUS MSDIA 
Robert Fu l ton Dye 
ABSTRACT 
Frequent ly ? in chemical engineering practice,, information and 
data pertaining to diffusion rates in porous materials is of great 
importance o In some fields,, even though the importance of diffusion 
has long been recognized,, very l i t t l e information has been offered 
about the controlling factors involved„ This thesis is concerned 
with the study of some of these factors0 
An experimental, investigation was made of one-dimensional counter-
current gas diffusion in porous media „ Cylindrical plugs 1 \/2n in di-
ameter pressed from powdered potassium per chlorate in lengths of lp 2$ 
4P and 8 inches and of known porosity (fractional void volume), were 
usedo Plugs were mounted for study in a diffusion cell in such a manner 
that they separated two gas volumes0 Diffusion runs were made using 
carbon dioxide and nitrogen gases under unsteady-state conditions* Pre-
liminary to starting a diffusion run., plugs were given a treatment such 
that some statement could be made as to the in i t ia l concentration dis t r i -
bution in them0 During the diffusion period the change of concentration 
with time was observed on each side of the porous medium,, Experiments 
were conducted at 104 F (,10° C) and barometric pressure» 
From the data., diffusion coefficients were calculated based on the 
exact mathematical treatment of the problem and nc assumptions are made as to 
I X 
l i nea r i ty of concentration d i s t r ibu t ion in the plug during the diffu-
sion* 
A corre la t ion of diffusivi ty with porosity shows, ( l ) the 
diffusivi ty i s independent of the geometric length of path or medium 
thickness; and (2) the diffusivi ty changes l i t t l e with decreasing 
porosity u n t i l a porosi ty value of approximately 0.5 is reached. From 
this value of 0.5> further decrease of porosi ty indicates a decided 
increase i n ra te of change of slope in the range 0.4 to 0.2 (range 
covered i n th is study) which becomes increasingly larger as the or igin 
is approachedo I n i t i a l l y , the slope is zero, 
The mean values (average of a l l determinations for a given 
porosi ty) of the diffusion coefficient vs porosi ty for the counter-
current diffusion of the two gases as determined experimentally ares 
Porosi ty! 0.20 0.25 0.30 0.35 0.40 
D : 0.123 0.129 0 .H3 0o155 0.165 
The calculated free diffusion coefficient i s 0.169. This value corre-




World War II provided the impetus for intensive investigations 
directed toward the separation of gaseous mixtures. Resulting from these 
investigations were many contributions of great importance in the field 
of diffusional operations. Gaseous effusion, thermal diffusion, and mass 
diffusion received much attention and interest. Advances made in these 
fields have almost overshadowed completely the advancements of the past 
fifty years in other fields where gas diffusion has found application. 
Diffusional principles underly many chemical engineering opera-
tions. Perhaps the first major contribution in diffusion in this branch 
2 
of engineering was that of Lewis and Chang, who applied the basic theo-
ries of Maxwell and Stefan to rectification, absorption and other opera-
3 
tionso Sherwood, following the treatment of Lewis and Chang, gave a 
brief survey of diffusion theory and derived the diffusion equations for 
several steady-state and under-steady state cases. The transfer of 
T4, Benedict, Chem, Eng. Prog. ££, 2, 41 (1947). 
wV K. Lewis and K. C. Chang, Trans. Am. Inst, of Chem. Engrs.^ 
21, 127 (1923). 
T. K. Sherwood, Absorption and Extraction, 1st edos> (McGraw-
Hill Book Co., 1937) p. 5. 
material between phases as re la ted to the diffusional charac te r i s t i cs 
of the materials involved was t rea ted extensively0 
In chemical engineering practice,., information and data pertaining 
to the r a t e s of diffusion of gases in porous materials i s frequently of 
great importance„ This i s pa r t i cu la r ly true in the f i e lds of cata lysis 
and adsorption,, These fac tors are of much import i n such unique operations 
as underground storage of gases„ In many cases9 the overal l kinet ics or 
adsorption r a t e s may be en t i re ly controlled by the diffusional characterise 
t i c s of the systeirio'"' The importance of diffusion as re la ted to these two 
par t icu lar cases has long been recognized^, but only meager information 
as to the control l ing factors has been advanced„ 
That the porosity and length of diffusion path are significant. 
factors influencing the diffusional cha rac te r i s t i c s of a porous material 
was perhaps f i r s t recognized by Buckingham in 1904.0 In an experimental 
study of diffusion in soils$ Buckingham concluded that the ra te of dif-
fusion of a gas through a porous s o i l i s approximately proportional to the 
square of the porosity (fract ional void volume)c Laterp Penman examined 
BuckinghamBs data and conducted similar experiments without agreement0 For 
a limited range of porosity values (0o0 < ^ <0o?)S) Penman suggested as a 
good approximation^ sr- & 0»66 £ where D designates the free diffusion 
o ° 
1(0 Toler 0 The__Atlanta Journa u-Constitutioru p0 4rF5 Mar0 85 
(1953). 
5 
F . Jo Lavacot.g Doctor of Science Thesis in Chemical Engineerings 
Washington University9 S t , Louis <, (1951). 
T 3 . Buckingham, Bui 1«, U, 5 n Dep „ Agric , no0 25 0 (1904) 
7 
'Ho L. Penman., J_o__of_Agric, Science,, 30, 437 (1940) 
H- / 0 
3 
coefficient and D the coefficient for diffusion i n a porous medium,, Con-
s iderat ion was not given to the effect of material thickness on the 
dif fusivi ty in e i t h e r of these investigations, , 
I t was thus f e l t that a study of some of the factors control l ing 
ra tes of diffusion such as area., medium thickness $ and porosity would be 
helpful in the evaluation of porous materials as used in some of the appl i -
cations discussed hereQ 
Essentially^ the inves t iga t ion pursued was the experimental deter-
mination of diffusion coefficients connected with an unsteady-state counter-
current diffusion process in a porous medium of predetermined character is t ics , , 
4 
CHAPTER II 
THEORY OF DIFFUSION IN GASES 
True diffusion is defined by Sherwood as the spontaneous inter-
mingling of miscible fluids placed in mutual contact without the aid of 
mechanical mixing,, He notes, however, that convection currents due to 
temperature differences, or due to residual or undamped mechanical mo-
tion, make it very difficult to attain true diffusion conditions„ 
2 
According to the kinetic theory, a gas consists of a large 
number of molecules which move rapidly about in random fashion suffering 
frequent collisions with one another„ Although molecular velocities are 
in the order of several hundred meters per second^ the interdiffusion of 
gases is extremely slow due to the large number of collisions which the 
molecules undergOo Diffusion is more rapid at hi^i temperatures because 
of increased molecular speeds0 It is similarly more rapid at low pres-
sures because average intermolecular distances are greater and collisions 
are less frequent„ In addition small molecules diffuse rapidlŷ , princi-
pally because of their greater molecular speeds and because the chance 
for collisions is less than for large molecules„ 
Sherwood, op0 cit03 p» 1„ 
2 
Jo Jeans, Introduction to the Kinetic Theory of Gases„ (Cambridge 
University Press, 194-0) p0 9» 
3 The theoretical work of Adolf Fick, published in 1855* precedes 
that of any quantitative experimental work and is regarded as the pheno-
menological or descriptive basis of the diffusion theory of today» The 
principal contributions to the theory of diffusion in gases were made 
L 5 6 
by Maxwell^ and Stefan*," 9 Others^, such as Enskog, Jeans* Chapman^, and 
Meyer have made important additions to the theory,, 
The Differential Diffusion Equation.,—- Following the derivations of Lewis 
ry g 
and Change and Sherwood the diffusion equation most frequently encoun-
tered in discussions of the theory of diffusion in gases will be developed,, 
Consider the case of a countercurrent diffusion process taking 
place in a binary system of gas molecules A and BQ Maxwell
3s basic con-
cept is that the resistance to diffusion is proportional to the number 
of molecules of A and of B<, proportional to the relative velocity 
of the diffusing component past the interfering onep and to the length 
of path in the direction of diffusion,, Denoting the velocities of the 
two components as u and IL, the frictional resistance will be propor-
tional to the difference of these (u.-iu) and to the distance of travel 
3Ao Fide, Phil. Mag,, U) 12, 30 (1855). 
Jo C0 Maxwell., Scientific Papers9 2$ 57 
^J0 Stefan, Sitz, Akad„ Wiss0 lien 6£, (2), 63 (1871) 
6Jo Stefan, Sitz, Akadc Wiss0 Wien 65, (2) 323 (1872) 
7 
Lewis and Change Ojgo^cito p„ 127-131 • 
Sherwood,, op„ pit „ ,p p„ 3° 
6 
through which change of condition may be neglected* dx0 The number of 
molecules of each may be taken as proportional to the pa r t i a l molal 
dens i t ies *-==• and g— where P. and \ B represent the pa r t i a l densi-
A *B 
t i e s expressed as weight per uni t volume and M. and M~ are the respective 
molecular wei^its, , The t o t a l f r i c t iona l res is tance to diffusion of A 
i s given by the expression, aS.R P. PB(u.~uB)dxJ) where °0 ̂  i s "the 
coefficient of res is tance to diffusion of component A through B, We can 
consider tha t the influence of any external forces i n comparison with this 
f rac t ional r es i s t ance , and that the accelerat ion of the molecules of gas A 
i s small and negligible. . Then this f r i c t iona l force must be overcome by 
an equivalent drop in concentration of p a r t i a l pressure p. of the diffusin 
i i 
gas over the section dx considered» This may be wri t ten as 
~dpA = *AB PA P B ' V V * • ( 1 ) 
This i s Maxwell's basic concept or fundamental equation of diffusion,, 
The dp has the negative sign since there i s a decrease i n pa r t i a l pres-
sure of the gas Ao The 0C.R constant may also be wr i t ten vC-o* since i t 
depends merely on which of the gases i s considered and since the i n t e r -
diffusion of the two gases i s dependent equally on the nature of both 
gases i t w i l l be wr i t ten as oC „ 
We can define 
7 
where N. is a representat ion of the r a t e of diffusion expressed as 
moles per unit area and ML i s the molecular weight of gas A» Also 
P - ^ (3) 
r A HT KJ?J 
which assumes the perfect gas laws,, where T is the absolute temperature^, 
and R the gas constant„ In like manner;, 
N - ^ (^ 
and 
P -3L2L {5) 
r B - RT \- ; 
Considering this development as applied to the case of equal molal dif-
fusion of A and B in opposite directions for which N « -N then (4-) is 
A D 
the negative of (2) or 
U
& P 4 ** P A VA .. B r B 
L "-'• 
A 
M. * Mg 
For a t o t a l constant pressure P s p. + p_ combining the equal i ty expressec 
by (6) we can write 
\ J _ A ?B ?B RTd?A R2T2 t h tn\ 
M " ~ Vi^ ~ " <XP dx ^ « ML P dx K n 
For a small element dx of unit cross section i n the d i rec t ion of 
diffusion the weight of gas A contained in the element i s P*0^ an<* "tne 
depletion ra te of A from the element i s 
I t C PA><* (8) 
where £ represents time,, The input equals the output plus the accuinula= 
tion so we have for an input rate^ u A? & an output rate 
"x^ + Q^** (9) 
which, equated to the depletion 
- % ( P A
) d x = ^ (uAPA)dX (10) 
gives the re la t ionship 
^ P A 4 ^ ( p , 
' S T * ' ^ ^A*A (ii) 
called the equation of continuity,, Combining Equations (7) and (11) we 
get 
^ „ H ¥ ^ (12) 
The diffusion constant or coefficient i s defined by Maxwell as 
D = sx (13) 
where P i s the t o t a l pressure defined in a foregoing paragraph. Assuming 
constant 13 and P, subs t i tu t ion of the group (Equation (13)) in (1.2) gives 
Q 
Sherwood, op,_ p i t , a p„ 4- and 5 
9 
^zrr =D ̂ rr (u) 
which in terms of partial pressures and concentrations, can be expressed as 




Equation (16) i s frequently referred to as F ick ' s second law of diffusion, 
The diffusion coefficient here used designates the coefficients of the 
pair of gases considered and differs from the "self diffusion coeff icient" 
of ei ther of the individual gases« 
The Diffusion Coefficient.— The diffusion coefficient for a pa i r of gases 
as derived by 0o E. Meyer from simple k ine t ic theory considerations i s 
given by 
DAB = J < C B V A > A + V 7 B ^B> <17> 
where C, and C„ are the mol f ract ions of each component,, v. and vB, the A B A 
mean molecular speeds, and, A . and A 9 the mean free paths„ 
Jeans, op0 c i t . s pe 201„ 
"The subscript l e t t e r s A and B designate the two molecular species 
and i s added here to indicate that the re la t ionship is an expression for 
the mutual diffusion coefficient and to distinguish i t from that of the 
se l f diffusion coefficients E.. and IL B' 
10 
The p r e d i c t e d s t r o n g dependence of DAR i n equa t ion (17) on concen t r a t ion 
i s no t i n accord -with exper imenta l f a c t s . E a r l y work on the d i f f u s i v i t y 
of gases (summarized by A. Lonius i n 1909—his t a b u l a t i o n i s a l s o given 
by Loeb) showed t h a t the v a r i a t i o n of the d i f f u s i o n c o e f f i c i e n t , D, 
with composit ion was small—up t o 8 p e r c e n t , 
I n a t h e o r e t i c a l t rea tment of mutual d i f f u s i o n by S t e f a n ' s mo-
12 
mentum t r a n s f e r method. Furry gives a r e s u l t which i n d i c a t e s no v a r i a -
t i o n of the c o e f f i c i e n t wi th c o n c e n t r a t i o n . His t r ea tmen t c o n s i s t s , 
e s s e n t i a l l y , of a c a l c u l a t i o n of ifl 9 the momentum t r a n s f e r r e d per u n i t 
volume per u n i t time from molecules of type A t o molecules of type B0 
C o l l i s i o n s of l i k e molecules do not c o n t r i b u t e to the t r a n s p o r t 8 I t i s 
found tha t771 .g s f ( n 5 T, U 9 Sim) P A where n i s the t o t a l numer ica l 
dens i ty P jj i s t h e reduced mass , 'S^g , the c o l l i s i o n cross s e c t i o n and / . . 
the t r a n s p o r t i n number of molecules per u n i t a rea i n u n i t time<, S ince 
-TV^dx s dpA = k Tdc, (18) 
dx 
and 
f(n,T, / i ,S) /^= k T f- (19) 
DAB = f(n,T,JLl,S^T ( 2 0 ) 
11 
L0 Ro Loeb., K i n e t i c Theory of Gases,9 (McGraw-Hill Book 0o e i , 1927) 
p° 237„ 
nW. He Fu r ry , Am, J . of Phys i c s , 16, 6.3 (194S) 
11 
The function f includes integrals involving the intemolecular inter-
action potentials. A more exact treatment is given by Chapman and 
Enskog"10 involving the solution of the Boltzman differential equation, 
The first approximation is identical with the results obtained by the 
momentum transfer treatment of Stefan and the second approximation 
yields a small dependence on concentration,, If it is postulated that 
molecules behave as point sources of attractive or repulsive fields, 
•tr 
then the force law may be written as F - -y- and U^ the interaction 
5 
ir 
po ten t i a l . , U - - r j -^r o In order t o eva lua t e the r e q u i r e d i n t e g r a l s 
r 
a knowledge of the force cons t an t s i s requ i red„ Conversely* from 
exper imenta l va lues of the d i f f u s i o n c o e f f i c i e n t , v i s c o s i t y $ thermal 
c o n d u c t i v i t y , and thermal d i f f u s i o n r a t i o , t he s e cons tan t s may be e v a l -
uated,, The f i r s t approximation to the d i f f u s i o n c o e f f i c i e n t i n a b inary 
mixture CD*T>)-I f ° r t he model of r i g i d e l a s t i c spheres i s 
(DAB>1 
1/2 
kT(mA + mg) 
8(n, + ruJ^AB "B 
2 IT m 
(21) 
lA "B 
where n. and nB , r e f e r t o the number of molecules per ccp m. and nu, r e fe r 
t o the molecular masses, 0~ ~ 1/2 ( CT + o~ ) equals t he c o l l i s i o n c ross 
A-u A -t5 
section^, k i s Boltzman'1 s const an t ^ and T i s the abso lu te t e m p e r a t u r e . For 
molecules t r e a t e d as p o i n t sources r e p e l l i n g each o t h e r wi th a fo rce K R r 
the corresponding express ion i s 
13 
^So Chapman and T0 G0 Cowling^ Mathematical Theory of Non-
Uniform Gases s (Cambridge U n i v e r s i t y P r e s s , 1939) p c 245• 
MWO J o s t , Diffusion^ (Academic P r e s s s 1952)# p , A21« 
(D.n) 1 " 8 n A . ( V ) r ( 3 - ^ ) l 2 T T 7 l k ^ 
where n s n + ru, and A. (V ) i s a numerical value depending on the 
force lawo The term P(.3 - ; _-.) i s referred to as the Gamma function 
and is of the dimension of a reciprocal length. Considering the 
molecules as r i g i d e l a s t i c spheres with a cent ra l f ie ld of force 
(Sutherland's Model)*, the expression i s obtained 
1/2 
r ^ 3 ( k T ( m A + ^ l l A , SABJ (71) 
"^-s^i^^; i/i-T-j 
where 5 , D i s Sutherland's constant re la ted to the law for the a t t r ac t ing 
iVD 
force5 but i s usually empirically determined from the temperature dependence 
of the diffusion coefficient and the viscosity,, 
The theory as given by Chapman and Enskog i s accurate insofar as 
i t permits exact solutions of the equation for transport, phenomena, in 
gases, based upon cer ta in molecular models „ However <, the choice of 
these models is not e n t i r e l y free,, They must be of spherical symmetryi9 
and ,̂ therefore, an exact treatment of polyatomic molecules and the consi-
derations of an exchange of i n t e r n a l energy of the molecules with k ine t i c 
energy of t r ans la t ion i s excluded. Within limits,, the theory i s quite 
general and the solutions are obtained as successive approximations to 
the correct values, 
1 5 Ib id , p0 420, 
1 6 , b id 
13 
Diffusion in Porous Media*— Diffusion of gases in porous media is, in 
essential respects, a close approximation to that in capillary sys-
17 18 terns. ' In general, the laws and theory applicable to t ransport in 
long cap i l l a r i e s apply. 
Consider an isothermal capi l lary system a t very low pressures 
when the mean free paths of the molecules are much larger than the 
average pore diameter* Diffusion under the influence of a concentra-
t ion gradient w i l l then take place as molecular diffusion and the 
19 Knudsen equation appl ies . Under these conditions, the molecules 
in passing through the capi l la ry col l ide frequently with the walls but 
only rare ly with one another. At high pressures , when the mean free 
path of the molecules i s much smaller than the capi l lary diameter the 
gases are t ransferred by a mass diffusion or capi l lary t r ansp i r a t i on . 
The molecules i n passing through the capi l la ry w i l l col l ide frequently 
with the wal l and with one another and F ick ' s law is applied to th is case„ 
c * « 
It is usually taken from granted that the diffusivity in a porous 
body is independent of its thickness. This is based on tradition and 
elementary considerations of atondstics. This postulate seems so well 
20 
established that no one has conducted a rigorous experimental test of it. 
17R. D. Present and A. J. de Bethune, Phys. Rev., 75, 7, 1050 
(1949). 
1 % . A. Schwertz, Am. J. of Physics, 15, 31 (1947). 
19M. Knudsen, Ann, d. Physik U ) 28, 75 (1908). 
20 
L. S. Darken, Atom Movements-Seminar „(American Society of 
Metals, Publ . , 1951), p . 1 3 . 
u 
CHAPTER I I I 
STATEMENT AND GENERAL SOLUTION OF THE PROBLEM 
The problem considered here i s t h a t of t he one-dimensional coun te r -
c u r r e n t d i f f u s i o n of two gases t a k i n g p lace through a porous medium or 
plugo The porous plug s e p a r a t e s two gas volumes^ 1, and 2, and i s given 
a p r e l im ina ry t rea tment t o j u s t i f y some s ta tement about the i n i t i a l 
d i s t r i b u t i o n of gas c o n c e n t r a t i o n (i«e„<, C„(x)) i n i t „ Diffus ion i s 
allowed t o proceed f o r a d e f i n i t e time and the gas volumes a r e kept 
homogeneous by some means of s t i r r i n g or mixing,, The concen t r a t i on i n 
1 and 2 change from t h e i r o r i g i n a l va lues _C« and C t o d i f f e r e n t va lues 
nC( t ) p ~C(t) i n time t^ and from a knowledge of these va lues i t i s des i r ed 
t o de termine the d i f f u s i o n cons tan t of one of the gases as i t d i f f u s e s 
i n t o t h e other„ 
Let t h e porous plug be bounded by p lanes x - 0 and x = £c Wel l -
s t i r r e d gaseous s o l u t i o n s of volumes, g9 and h.s and XQS> -JGQ
 a r e i n con-
tact with the two sides of the plugo The first extends from x ™ 0 to 
x s -g; the second solution,, in contact with boundary x s Jj extends to 
x - { + h0 The in i t ia l distribution of concentration across the medium 
of "effective" volumes jj , is Cn(x)„ After a time t, the concentrations 
in the two gas volumes will be denoted by „C(t) and -,C(t) and the d is t r i -
bution in the medium by C(x,t), Then the boundary conditions for which 
the equation 
15 
2£ _ D 2 :£ (24) 
^ t " 3x2 
is to be solved are 
(i) C = C0(x) at t = 0 for 0<x<£ . 
Cii) C(0?t) = 2C(t)j C(£ , t ) - -^(t) for t^O, 
( i i i ) C » 2CQ at t - 0 for -g< x < 0P and 
CQ at t r 0 for £ < x < ft + h, 
( l v ) ^ T - I ^ ; ^ ^ J T - ^ - E ^ K 
X ~ O X — U 
The equations (iv) express the proportionality of rate of increase of 
concentration in the gas volumes to rate of supply of concentration 
changing constituent at the respective boundaries,, 
Let the solution of (24.) be 
G = C l + c2 ^ 
where c-, and c2 are solutions which satisfy Equation (24)0 The solution 
of (24) which vanishes at x = 0 and at x = )[ and which satisfies (i) is 




n-Hx cl - Z^u an e Sin ~f- (26) 
where 
d 
a = n 
nrry 
f c o ( ^ sin 7 dy (27) 
0 
and 
<y - 22-V (28) 
By Duhamel's theorem the solut ion of (24.) which corresponds to zero 
i n i t i a l concentration i n the medium and the faces maintained, respec-
t i ve ly , in contact with gases of concentrations 4^(^) an(^ ]_c(^) i s 
or 
c2 = 2c(r)^F1(x,t-r) + 1 c ( r ) ^ 
F2(X, t - r ) I dTT, 
°2 = - 2
c ( r ) ^_ F i ( x , t _ r ) + iC(r ) _2_ 
(29) 
F0(x, t-tf) &Z 
(30) 
H. S« Carslaw and J , C, Jaeger, Conduction of Heat i n Solids3 
(Oxford Press 194-7), p„ 82„ 
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which may be wr i t ten 
°2 = 2 C 0 F l ( x , t ) + 1G0 F 2 ( x 5 t ) + 




F x ( x , t ) - 1 x 
r—\ _oc t 
_ L . \ / j ^ p n 
I * Vv (1> 





^ 2 - < * n* 
* , < * . * > - ^ ̂  r ^ s i n 
mr x 
4 (33) 
After subs t i tu t ion of (32) and (33) in (31) the solution of (24) wr i t ten 
as C = c-, + c 2 s a t i s f i e s ( i ) and ( i i ) „ After d i f f e ren t i a t ing with respect 
to x, one may write" 
ftfeiW-i° + * 
^s 
- 0 < 
n 
b e n cos 
nTTx + 2 
T 
-DC ( t - t ) 
(34) 








bn = 2C0 " C-^Vo " n ^ T B (35) 
^Co Barnes,, Physics % 4 (1934) 
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So Equations (iv) now give, respectively 
V (4B= 2C "I0 + V >n€ 
-ocji < — N f-^Jt-t) 
(36) 
n ' (2c -(-lr^c )dt 
and 
-(V t 
v f f l - ^ - r ^ - *•»>: (37) 
-*n(t-r) 
(-Dne (2c
f - ( -U^cVt: 
Solution of the problem in the form 
V ^ A. " Pi* 
2C(t) « C ^ - ) ^ e (38) 
Pi 
- & t 
l 0 ( t ) . c -V" 1 e "
 1 
(39) 
(where C^o denotes the f ina l uniform concentration of the gaseous solu-
A 
tion given by C ^ (g + £ + h) = (2CQ)g + J0 CQ(x)dx + (^Q) h may 
be had by substitutingJ^ 
^5T= Z_/iV (*°) 




- h t 
1 i 
(41) 
in (36) and (37) respectivelyo The equations (36) and (37) w i l l be 
sa t i s f i ed iden t ica l ly by subst i tu t ing (40) and (41) i f A.* B. , and (3. 
sa t i s fy the equations 
M-̂  + 2 3. (_/ TOT^BTT *i l n n p i y . B . 1 
Iz.il n 
n ^ n ^ i " 
(42 
JU 
D + 2 
A 
•sn (OC - 3 - 7 
n "i J 
~ A. + 
J l 
* ^ r ^ 7 . 
(43) 
n 
(A±~ ( - ! ) > , 
' i ^ n - P ± ) " 
(44) 
If equations (42)., (+3).o (44) lead to unique values for the numbers A., 
Bp (3^P equations (40) and (41) wi l l y ie ld the problem so lu t ion . Using 
the formula 
tan Z ~ 2Z 2Z 2^ ~ -t (45) 
20 
and l e t t i n g 
2 
z2m hJL (46) 
the equations (4-2), (43) and (44.) become 
^fe-l?)-^^) 
Bi(V ^ ) - -^(^ihr) <«'> 
'n'-^ft-^O-Tj °° ( 
J "J_\ Z_yiVn2^2 - Z. 2 
0 
A, - ( - i f B, 
' i 
where 
> « i - and ^ - L (47) 
Simultaneous elimination of A., B . , from (42') and (43 ' ) gives 
Z2 - 0 1 + y2) Z cot Z - V!> 2 = ° (48) 
The roots of (48) give the numbers ^ , By finding the points of 
in te r sec t ion of the graphs y s Z'' - V , "V« and y = ( V- + >V9)oZ cot Z;, 
one can readi ly determine the Z ' s for which r e a l posi t ive values only 
21 
are taken. From the infinite set of linear equations (443 ) k^ may be 
had in terms of B.9 (3. t and D and (42") and (43
3) can be made to yield 
B« in terms of A* and 6<, 
1 l r 
Consider ing the A ? s p B
Bs^ and (3°s as known9 (.38) and (39) then 
r e p r e s e n t the c o n c e n t r a t i o n s i n the two gas volumes i n terms of f i n a l 
uniform c o n c e n t r a t i o n C o 0 and t_0 For time t - 0 they become 
r NA = 
2 C 0 , G ^ ^ ) ^ (49) 
<r—\B 
,Cn = C ^ - > p i (50) 
y i 
e i t h e r of these permi ts a numerical e v a l u a t i o n of the A ^ B. 0 I n the 
V ^ A i V ^ B i 
ratios ) — 9 ) — which appear before the exponential terms of y *i * / 
(38) and (39)<> the D cancels , , s ince i t i s a simple m u l t i p l i e r i n A.5 
B„ i9 and Po0 I n a l l d i f f u s i o n problems a t l a r g e va lues of t_s a l l the 
exponen t i a l terms except the f i r s t become smal l so t h a t i f a p lo t of log 
(o^-Cco ) a g a i n s t _t i s made,9 a curve i s obta ined such as shown i n F igure 
ls i n which the curve approaches a s y m p t o t i c a l l y a s t r a i g h t l i ne D The 
s lope of t h i s l i n e i s =p„« I n any case., a t smal l va lues of t_ i t w i l l 
not be nece s sa ry to t a k e many terms of the exponen t i a l s e r i e s , , i n 
,? 
so lv ing for A„ and B . ^ 
i i 
v 
ilR0 Mo Barrer., Di f fus ion i n and Through S o l i d s s (Cambridge 














( A b s c i s s * and O r d i n a t e U n i t s A r b i t r a r y ) 
Figure 1 . A Typical Diffusion Rate. Log ( C - C ) vs Time 
By means of (38) and (39) for 2
G* a n d ip* t h e concentration 
distribution in the plug is found from (26) and (29) to be 
c ( x , t ) . # ( i - ^ + 1 o ^ - L ^ E '
i n T 
( A 1 - ( - l )
n B 1 ) e - Pi* 
- 1 l ^ i - P i J 
(51) 
which satisfies (24) and conditions (i), (ii)P (iii)> and (iv)0 This 
considers that due account is taken of conditions involved in (4-2' )9 
(43s )* (4-4') and (38), (39)o The V terms associated with these equations 
are expressions of the ratios of the "'effective" porous plug volume to 
that of respective end containers,, The implied assumptions that D is 




EXPERIMENTAL EQUIPMENT AND PROCEDURE 
Equipment „-— The equipment and a s s o c i a t e d i n s t r u m e n t a t i o n used i n the 
i n v e s t i g a t i o n of d i f f u s i o n through porous media are shown i n F igures 
2 through 4„ Figure 2 i s an o v e r a l l view of the constant tempera ture 
a i r bathp the c o n t r o l pane l , and the var ious ins t ruments and meters 
used0 F igure 3 i s a c lose -up photograph of the constant temperature 
a i r bath with top removed showing the numerous p i ece s of equipment 
conta ined i n i t Q F igure 4 i s a. c lose -up view of t h e c o n t r o l panel 
showing the c o n t r o l s 9 switches3 and meters which constitute this 
unite 
Figure 5 is a schematic diagram of the diffusion equipment Tflhicĥ , 
as is evident5 is a symmetrical arrangement,, Pure gases are introduced 
to the system from cylinders at points A and Be Point A is associated 
with the left half of the system and point B the right half„ Gases on 
entering the system passed through an electrically heated preheater 
which consisted of two twenty-foot coils of 1/4" copper tubing mounted 
with a double-pass arrangement in an insulated tank of water0 The 
temperature in the preheater was controlled by a Fenwal thermo~regulator0 
The preheater was thus placed in the system just before the constant 
temperature bath and in which the gases were heated to approximately 2 F 
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were placed in the l ines between the preheater and the diffusion ce l l 
proper Yirithin the bath and served to bring the gas temperature down to 
that of the bath0 
The construction of the diffusion ce l l i s shown in Figure 6c As 
used i n the experimental Tirork, two ce l l sections were clamped together 
with the porous plug mounted in a flanged cyl indr ica l holder separating 
them„ This construction provided a def ini te ce l l geometry i n that the 
volume on both sides of the porous plug enclosed between the c e l l half 
and porous medium were equal and always remained the same i r respec t ive 
of plug lengths 
During the course of an experimental run? the gas i n each half of 
the diffusion ce l l separated by the plug was analyzed by means of a 
thermal conductivity gas analyzer0 This instrument measures changes in 
the thermal conductivity of a gas and thereby the changes i n composition^ 
as a function of the change in resis tance of a heated platinum filament,, 
The analyzer sensing system consists of two thermal conductivity ce l l 
uni ts (Model 30-S, double pass with M/T filaments) which were purchased 
from the Gow-Mac Instrument Co* of Newark,, New JerseyQ These units,, L 
and M<9 operated with a common current control potentiometer (Gow-Mac 
Model RCCT)S not shown on sketchy permitted a l t e rna te readings of the gas 
compositions in each ce l l halfe A small sampling stream of gas was c i r -
culated continuously through each of the conductivity ce l l s by means of 
Corson-Cerveny (Noc 10005 Type C, 3A" x 3") micro-bellows pumps9 F5 
and G* In Figure 79 the e l e c t r i c a l c i rcu i t i s shown which was used to 
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passing through the conductivity c e l l s . The c i r cu i t is t ha t of a 
Wheatstone bridge and operates as an "unbalanced bridge'^ that is 
say,, the analysis i s based on constant current conditions and degree 
of bridge unbalance„ Calibrat ion deta i ls are given in the Appendix,, 
Evacuation of gases from the diffusion c e l l was achieved by 
means of vacuum pump (Cenco Hi-Vac), K* This served in both the plug 
"degassing'1 and leak tes t ing operations,, 
The constant temperature bath shown in Figures 2 and 3 was 
constructed from an ice-type soft drink cooler with inside dimensions 
of 18" x 27" x 11"„ Heating of the bath was achieved by means of a 
750 watt Galrod tubular heater mounted around the ins ide walls of 
the cooler with insulated studs^ and a small 50 cfm furnace blower 
gave the necessary air circulation,, A Fenwal thermo-regulator was 
used in conjunction with a relay which act ivated the heater circuity 
thus providing temperature control of the bath0 No provisions were 
made for cooling the bath3 consequently a l l experimental operations 
were conducted a t temperatures above room conditions» Data presented 
in th i s t hes i s were obtained a t 104° F (4.O0 C) for this reason,, Tem-
perature control of the bath under normal operations was within + 
0„2 F„ However,5, under other conditions of operation control of tem-
perature approaching a figure of + 0,1° F has been attained,, 
The c i rcu i t components of the thermal conductivity analyzer not 
contained within the bath were mounted on the control panel shown in 
Figure 4„ These components were t o t a l l y enclosed^ except for the ends 
of control shafts and indicat ing dials ^ within a thermostat ical ly 
controlled jacketo A 25-watt incandescent lamp act ivated by a Fenwal 
thermoregulator and a small c i rcula t ing fan provided sa t is factory 
temperature control of t h i s space (on the back of the control panel)0 
No observations ever proved the necessi ty of t h i s provision but i t was 
ins t a l l ed at the outset of the problem as a precaution, 
Observation of temperatures at various points i n the equipment 
were made during the experimental work by means of a type K-2 (Leeds 
and Northrup) potentiometer and a lamp and scale galvanometer used in 
conjunction with standardized iron-constantan thermocouples,, 
Associated with the diffusion equipment were a 10 cu f t t e l e -
scoping gas holder and a Precision (Fisher Sc ien t i f ic Coe) Orsat type 
gas analyzer employed i n the ca l ib ra t ion of the thermal conductivity 
analyzere These items are shown in Figure 20 
Materialo— The porous plugs used in the diffusion runs were compressed 
(dry) from powdered potassium perchlora te . This media was chosen because 
of the fact that i t possesses a wide compressibility range and porosi ty 
could be varied with negl igible effect on p a r t i c l e s ize and shapee Thus5 
a predetermined porosity figure for any length of plug could be read i ly 
produced,, As mentioned previously^ the plug holders were flanged cyl-
inders and were from 1-1/2" ID s ta in less s t e e l pipe,, Figure 8 i s a 
photograph showing the various holders and accessories required*, The 

















holder) and pressed with a fitted plunger into the holder by means of 
a Riehle testing machine. Pressures required for this operation ranged 
from approximately 150 lbs,,for a porosity of 0,40 to 20,000 lbs for 
a porosity of 0.20,, Pressing rate averaged 0.07 in/min. 
The gases used were nitrogen and carbon dioxide. Water-pump 
nitrogen was obtained from the National Cylinder Gas Co. of Atlanta 
and was of 99.6 + percent purity. The carbon dioxide was obtained 
from the Liquid Carbonic Corp. of Atlanta and had specifications of 
99.7 + percent CO^ (= 0.3#N2). The carbon dioxide was used directly 
from the cylinders, but the nitrogen was passed through a drying train 
consisting of a series of bottles packed with P^O.-coated l/A" Raschig 
rings. This particular type of train proved highly satisfactory and 
permitted fairly hi$i gas flow rate as well. 
Procedure.— Preliminary to the initiation of each diffusion run a 
systematic series of leak tests were conducted, which proved to be an 
absolute necessity for satisfactory operation. Runs were not attempted 
until leaks were minimized to a point that the diffusion cell could be 
evacuated to approximately 2 mm Hg0 
A minimum of two runs were made with each plug of a given length 
and porosity. One run was made with the plug initially saturated with 
one of the gases and a subsequent run made with the plug saturated with 
the second gas. A thin sliding gate was fitted to one end of each plug 
holder and provided isolation of one of the cell chambers. This device 
permitted preliminary saturation of the plug with the gas as contained 
36 
in one of the chambers (dependent on the orientation of the gate) and 
prevented contamination of the gas in the other» 
A typical diffusion run was made as follows? The diffusion cell 
Yfas evacuated and the plug "degassed" for a period of time determined 
by the length of plug under study0 Periods of approximately 5 minutes 
for a 1 inch plug and 20 minutes for an 8 inch plug were used and 
proved to be adequateo Following degassing^ the vacuum was broken by 
admitting the gases to the respective cell chambers0 Thi3 in turn 
saturated the plug determined by its gate9s orientation,, Normally <, as 
a precaution^ the unit was again degassed and gases admitted to the 
chambers for a second time for the purpose of further diluting any 
residual contaminating gases present in the plugo Flow rates of the 
gases into the chambers of the diffusion unit were not controlled except 
between rather wide limitSp and were estimated by the low pressure gauges 
on the gas cylinders0 This was not a critical step in operation whatsoever 
and the preheater capacity far exceeded the demando Accordinglys the 
presence of "eoldM gas in the unit was never observedo After the charging 
operation and the closing of all associated valving^ the excess pressure 
in the chambers was vented to the atmosphere„ A check of the gas com-
positions in each half of the diffusion cell was then made0 Following 
this step the sliding gate was opened and observations of the gas 
compositions with time made by alternately taking reading in each half„ 
This was continued until the diffusion had proceeded to approximately 
90 per cent of equilibrium as estimated by the difference in the com-
positions in the two gas chambers0 Data readings were normally made 
every two minutes for each chamber (readings being staggered between 
each other) and continued as long as change of composition between two 
minute readings was s ignif icant , af ter which time wider in te rva l s were 
takerio Because of the large number of readings required for each run 
a special "log sheet" was developed^ a copy of which appears in the 
Appendix0 
Roughly speaking., 1 inch runs averaged 30 minutes^ depending on 




DATA AND RESULTS 
-Application of the General Solution*—- For the case involved i n t h i s 
*»«. ^^X^X „ „» ... v - * ,„„„,.». 
w i l l be dropped,, 
Let the p o s i t i v e roo t s of equa t ion (4-8) w i t h 6 _ = / « - V be 
Z. where i - 0P !«, -— 5 a r ranged i n order of magnitude; s t andard p rocesses 
1 2 for f i nd ing the r o o t s of such an equa t ion give s 
ZQ = ( 2 V )
1 / 2 (1 - i | ) > + ( l ^ j ) ^ - — > (52) 
Z, = iTT + f|— V ^ T + — * i s 1, 2, ™ . (53) 
i i Ti j.3 ^ 3 
We a re d i s r e g a r d i n g here powers of Y g r e a t e r than the second s ince the 
q u a n t i t y involved i s obviously very smal l for our purposesB When Y , s 
t 2 , (42°) and (43
5 ) show t h a t 
A± - ( -1)
 i + X B± (54) 
a r r a r , op. a j t , a p . 26, 
tarnes, op , c l t 0 J p 0 7« 
2 
thus the l inear equations for Aj_ become 
b ' = V A. (1 4- (-1) n + V C n 2 ^ 2 ^ ) 2 (55) 
n Z _ y i "J- 1 
The Ao values depend on the i n i t i a l concentration in the plug, CQ(x)„ 
Let us consider tha t the i n i t i a l treatment of the plug i s such tha t 
i t i s saturated with the gas of container 1 and contains no amount of 
that consti tuent of container 2» Then ^GQ - 0 = CQ(x)o For th is case 
bn = j£ (56) 
and equations (55) become 
oo 
dn = ) _ / ± O^ai
 A i 
with 
. 5£o A v (-D° \ . (57) n S " F A(n2ir2-Z0') 
and 
(X •+ (-1) ° 
"«• ' I f c V T z / J (58) 
3, C Barries, l o c . cat 
4.0 
The solut ion ±ss following Barnes 
G-^-'X^Xi^-1— "" 
^yffl(tfF)-"iM jj/2 / \ i r^ 
With roots (53) these values of the A« give 
1 i 
and from equations (49)* (50) 9 (53) and 
'c^o 2^0 - \ 2 y V 2 A 
we get 
'^4.«.(|)(^.¥ 
I t follows 





U.- . n i b i d . 
2 s \360 J ko \ | 2 A 3 360 J' {bl) 
C _ - , C n S - ( ^ 0 ) ( i + 2 1 - ¥ ) , (62, 
0 (63) 
Y^) (**) 
) ( T 2 2 ) \7f2J f ° r i 6Ven ^ °dd° ( 6 5 ) 
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from which can be obtained 
2G ~ 2 2 1+X + U-^+%\-^T(
1-^ 2 T n 1 " 6 T 60 
(66) 
*B &(>-&)- - f f i < 1 ^ 
1 G = 2 2 i-v^-v^v^-**^ 
^-y-^ l T] v l T\ / * > 
Experimental Results and Calculationse— Experimental runs were conducted 
with porous plugs of lengths 1, 29 4P and 8 inches with predetermined 
porosities ranging from 0o2 to 0»4<, All data runs were made at 104 F 
and at the barometric pressure prevailing at the time of the individual 
runso The variation of barometric pressure over the entire aeries of 
diffusion runs was from about 730 mm to 745 mm Hg, The gases used were 
carbon dioxide and nitrogen,, Prior to the initiation of a diffusion run̂ , 
the plug was treated to saturate i t with one or the other of the gases 
in order to provide a known concentration distribution at the start0 
After a run in which the plug was init ial ly treated with one of the 
gases;, another run was made with an in i t ia l concentration of the second 
gas in the plug,, This is the case for which the mathematical derivation 
is made above„ 
The data for the diffusion runs are shown in Figures 9 through 18 
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F igures 9 through 13 show the da ta f o r an i n i t i a l plug s a t u r a t i o n or 
t rea tment w i th CO 5 and F igu res 14- through 18p fo r the case of N„ 
sa tu ra t ion , , Complete run da ta i s given i n a. s e c t i o n of the AppendiXo 
C a l c u l a t i o n s were made to determine t h e c h a r a c t e r i s t i c d i f f u s i o n 
c o e f f i c i e n t for each run us ing the e q u a t i o n s de r ived aboveP To provide 
a b a s i s for comparison of each runj, c a l c u l a t i o n s were made for t h e da t a 
va lues cor responding t o 60 pe r cent of the equ i l i b r ium composit ion* • To 
solve the a p p r o p r i a t e equa t i on f o r the d i f fu s ion coeff ic ient^ , D#. i t was 
necessa ry to r e s o r t t o a t r i a l and e r r o r techniqueo Since the d i f f u s i o n 
c o e f f i c i e n t appears i n the exponen t i a l index t h i s proved t o be the only 
method of handl ing t h i s type of so lu t ion , . I f l a r g e va lues of t , a r e used 
as i n t h i s case 5 i t i s not nece s s a ry to expand t h e s e r i e s beyond the 
summationo 
The c a l c u l a t e d d i f f u s i o n c o e f f i c i e n t s f o r a l l runs a r e l i s t e d i n 
Tables 1 and 20 Table 1 l i s t s the v a l u e s for runs made wi th plugs i n -
i t i a l l y s a t u r a t e d wi th C0« and Table 2 for the case of N? sa tura t ion*, 
A sample c a l c u l a t i o n u s i n g the t r i a l and e r r o r method i s given i n the 
AppendiXo F igu re s 19 and 20 a r e the corresponding c o r r e l a t i o n s of 
d i f f u s i v i t y w i t h p o r o s i t y 0 
Table 1„ Ca l cu l a t ed Diffusion Coe f f i c i en t3 -C0 2 S a t
8 d 0 Plugs 
Plug Length P o r o s i t y 
i n Inches 0o20 O025 0*30 0,35 0*40 
1 .132 ol37 oH9 .156 
2 „125 ollS 0148 «158 
A o103 o!28 ol50 ,156 
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Figure 20. Diffusion Coefficient vs porosity-N -Sat»d. Plugs 
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Table 20 Calculated Diffusion Coefficients~N S a t ' d , Plugs 
Plug Length Porosity 
in Inches 0,20 0.25 0.30 0o35 0„40 
1 ol25 »123 „129 .147 -
2 .110 ol35 o150 o150 -
4 .103 .126 ol50 .168 -
8 = - o130 ,144 016< 
.Discussion of Resultso— Figures 19 and 20 show the effects of porosity 
var ia t ion on the diffusion coefficient through the range of values 0o2 
to 0„4.o The two plots are iden t ica l but are not precise ly coincident„ 
This is believed due to a s l igh t observed difference i n the volumes of 
the diffusion ce l l ° s two gas chambers,, Measurements indicated a volume 
difference of approximately 6 to 8 cc9s between the two„ This difference 
did not cause an appreciable difference i n the values of the /"terms 
used but does re f l ec t i t s e l f s l igh t ly in the data , 
The r e s u l t s show that the d i f fus iv i ty value i s independent of the 
geometric length or thickness of the medium0 D values for a l l data plots 
(plugs 1 through 8 inches) show l i t t l e departure from the establ ished 
curves of Figure 19 and 20o However^ at the low end of the porosity range 
an observed d r i f t i s seen i n the points for the 4 and 8 inch plugso This 
i s believed due to a s l igh t anisotropic effect of the plug-pressing opera-
tion,, The assumption has been implied throughout the discussion tha t the 
perchlorate powder was randomly packed and no anisotropy existed i n any 
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of the plug systems o This is an ideal s t a t e of a f fa i r s and i n pract ice 
we cannot expect anything be t t e r than a good approximation to this 
ideal s ta te„ This effect of packing was pronounced only in the la rger 
plugs a t low porosity values and disappeared almost al together at 0„30 
and on to the upper l imi t 0 For these reasons, i t was considered 
preferable to allow the 1 and 2 inch plugs to control the trend of the 
correla t ion curve through the low porosity region,, 
Extrapolation of the curves show that at some point above a 
porosity of 0„60 i t i s highly probable tha t the counter diffusion w i l l 
take place as though the medium did not interveneo The value considered 
as the upper l imit for D i s that of the free diffusion coefficient as 
5 
calculated by the Gil l i land equation,, The calculat ions for thi3 are 
given i n the Appendix0 
Figure 21 i s the corre la t ion X>/DQ versus c- , where D0 designates 
the free diffusion coefficient0 The Buckingham re la t ionship 
IT= e 2 (68) 
^0 
is included for comparison, 
5 
Sherwood> op» cit„s p. 19. 
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Figure 21. Diffusivity Ratio D/DQ VS Porosity C02-Sat'd. Plugs 
CHAPTER VI 
CONCLUSIONS 
From the r e s u l t s of t h i s study of d i f fus ion i n porous media 
the fo l lowing conclus ions may be drawns 
1„ The d i f f u s i o n c o e f f i c i e n t for coun te rcur ren t d i f fu s ion 
through a porous medium i s independent of medium th i ckness 
or geometric l e n g t h of pa th c 
20 The d i f f u s i o n c o e f f i c i e n t changes l i t t l e w i th decreas ing 
po ros i t y u n t i l a p o r o s i t y of approximate ly 0„5 i s reached0 
In the range of p o r o s i t y va lues 0o4. t o 0 o2 changes of 
s lope of the c o r r e l a t i o n curve D vs £ begin to develop 
wi th an i n c r e a s i n g l y pronounced e f f e c t 6 This continues 
to the origin^ Initially the slope is zero0 
3* The mean values (average of a l l determinations for a given 
porosity) of the diffusion coefficient vs porosity for the 
counter current diffusion of CO and N as determined ex-
perimentally are? 
Porosity s 0o20 0o25 0„30 0o35 0o4-0 
D s 0ol23 0o129 0„U3 Ool55 0ol65 
The calculated free diffusion coefficient i s 0ol69o This value 





CALIBRATION OF EQUIPMENT 
Pre l iminary to the c a l i b r a t i o n of the gas ana lyzer dry room 
a i r v/as p laced i n the re ference chambers of the two thermal conduc-
t i v i t y u n i t s , The a s s o c i a t e d shutoff cocks were then c losed and these 
chambers al lowed to remain und i s tu rbed throughout the e n t i r e course of 
the exper imental -work a 
The i n i t i a l s tep in the ca l ib ra t ion procedure is that of ^zero89 
adjusting the unit with the sample chambers f i l l e d with the same gas as 
contained in the reference chambers0 By means of the zero adjustment 
potentiometer <, A (see Figure 7 for t h i s item and subsequent c i r c u i t 
components)., an adjustment was made such tha t a minimum deflection was 
observed on the indicat ing instrument«, 1$ for a given se t t ing of the 
controlo Since th is potentiometer serves both conductivity un i t s the 
se t t ing which r e su l t s in "zero" deflection ( indicat ing no unbalance of 
the bridge) for one unit w i l l not necessari ly produce zero for the 
second unito For th i s reason., a minimum point i s selected which 
resu l t s in a s l igh t i n i t i a l unbalance of the bridge<, but t o the same 
degree9 for each unito Both the instrument^ Is arid the bridge were 
l inear for a l l possible degrees of unbalance and no d i f f i cu l ty was 
experienced from t h i s i n i t i a l l y unbalanced condition as discussed here0 
Adjustment of., A<> was made only a f te r se t t ing of the standard potentio-
meter^ R—ja and the current control * Ĉ  adjusted«, The potentiometer,, 
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R-^ was set a t 4.0 ohms (+ 0o l ohm) and control^, Cs was s e t such that 
the bridge current was always 14.0 ma (set to ± 0„25 ma)0 This value 
of current , read on meters l&ks was se t each time a reading on5 I , was 
taken. After the minimum for aach uni t was established, A was never 
disturbed during ca l ibra t ion and diffusion runs except when periodic 
checks (made by charging sample chambers again with a i r ) indicated 
further adjustment was necessary,, 
The thermal conductivity c e l l uni ts were cal ibrated simul-
taneously o Gases of known concentration were placed in the uni ts 8 
sample chambers and the indicated deflections on<, I 9 recorded„ As 
a cheeky second samples (duplicates of the f i r s t ) were charged into 
the uni ts and deflections observed and recordedo In the i n i t i a l 
ca l ibra t ion of the ce l l uni ts approximately twenty points were de<= 
termined for the range of gas compositions usedo In the case of the 
gases carbon dioxide and nitrogen^, the ca l ib ra t ion resul ted in a 
s t r a i g h t - l i n e relationship*, This proved advantageous i n subsequent 
ca l ibra t ions since i t was only necessary to obtain three or four 
points to e s t ab l i sh an accurate ca l ibra t ion curve,, Dae to composition 
variations^ subsequent ca l ibra t ion checks were necessary whenever new 
cylinders of nitrogen were put in to use0 The composition of the carbon 
dioxide did not change subs tan t ia l ly from cylinder to cylinder to 
necessi ta te re calibration., 
Figure 22 i s a very small scale ca l ibra t ion curve as used in t h i s 
work,, From a large scale curve gas percentages + 0 o l percent were reado 
However,, th is apparatus under other operating conditions is capable of 
+ • 01 percent accuracy,, 
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0 10 20 30 kD 50 60 70 80 90 100 
% Hg in CO 
Figure 22. Calibration Curves. Thermal Conductivity Units 
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Throughout ca l ibra t ion runs the thermal conductivity unit3 were 
maintained at 104° F +_ 0 o l° by the constant temperature bath„ During 
experimental runs,, which required longer periods of time and addi t ional 
d i f f i cu l t i e s of control,, the un i t s were maintained^ on the average., a t 
104 F + 0o2 . These instruments are somewhat dependent on temperature^ 
but under conditions of operation encountered^, a 1 F temperature change 
resul ted in a neglibible change in the gas analysis reading,, A 5 F 
temperature change caused an e r ro r of l e s s than 0o l percent« 
The effect of pressure on the operation of the conductivity uni ts 
was small„ When the sample chambers contained 100 percent carbon dioxide 
(the case when la rges t def lect ion was observed)^ a 70=75 mm Hg change in 
pressure produced approximately a 1„6 percent change in the analysis from 
the correct value„ When the chambers contained 100 percent nitrogen^ a 
70-75 mm Hg pressure change produced only 0.2 percent error in the 
composition reading,, Experimental runs were made at pressures within a 
few mm Hg of the pressure a t which ca l ibra t ion curves were determined,, 
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APPENDIX I I 
EXPERIMENTAL I3ATA 
The da ta obta ined i n the exper imenta l runs were recorded on " log 
s h e e t s " and a re t r a n s c r i b e d i n Tables 3-A through 3-D, and 4-A through 
4-D. A sample "^log s h e e t " i s given i n F igure 23 fol lowing the t a b u l a -
t i ons . 
Listed in the tables are a l l s ignif icant data i tems, as well as^ 
the calculated diffusion coefficient for each run. The numbers heading 
the columns refer to the thermal conductivity c e l l u n i t s . Unit #1 was 
associated with the N« side of the porous medium and §2 was associated 
with the C0« s ide . The time i s recorded i n minutes and the compositions 
in percentages of N?0 
Table 3-A. ' Diffu sion D a.ta. 1 ii ach P lugs-C 02 Sat'd. 
Run i 1-9 U« 0.20) Run: 1-6 ( e =0.25) Run; 1-3 ( 6=0.30) Run s 1-1 (6™0„35) 
P i 733. 5 mm P: 731.1 mm P: 732.8 mm P i 735. 8 mm 
D t 0.132 Ds 0.137 D: 0.149 D : 0.156 
#1 #2 #1 #2 #1 #2 #1 #2 
t % t 4 t i 1 1 t i t £ i I t % 
0 99.4 0 1.3 0 99.4 0 1.3 0 99.4 0 1.5 0 99.4 0 1.5 
1 97.0 2 6.4 1 96.8 2 5.7 1 95.2 2 7.8 1 93o5 2 9.3 
3 92.0 4 10.7 3 89.1 4 11.7 3 88.0 4 14*2 3 85.2 4 16.8 
5 88.1 6 14.5 5 83.9 6 16.4 5 81.9 6 19.6 5 79.3 6 21.9 
7 84.8 8 18.0 7 79.9 8 20.0 7 77.7 8 23o6 7 74o5 8 26.3 
9 81.9 10 20.7 9 76.5 10 23.4 9 74.3 10 27.0 9 71.3 10 29.5 
11 79.4 12 22.9 11 73.7 12 25.7 11 71.3 12 29.6 11 67.4 12 32.1 

















































































Table 3~B. Diffus ion Data„ 2 inch Plugs-CO,, Sa t B d 0 
Run s 2-9 (e- 0.20) Runs 2-5 ( e^O.25) Runs 2-3 ( 6-s0„30) Runs 2-1 (6=0.25 
P s 746.0 mm Ps 733.2 mm Ps 734.4 mm Ps 735.1 mm 
D 8 0.125 Ds 0.118 Ds O0I48 D§ 0.158 
^ #2 fh #2 fl #2 #1 #2 t £ 1 i t A 1 1L 1 2 1 I t 4 i £ 
0 99.4 0 1.4 0 99.4 0 OoO 0 100 „o 0 0.0 0 100.0 0 0.0 
, 96o8 2 3.5 1 96.0 2 3.2 1 95.6 2 3.4 
*•> L 94.8 2 4.2 
3 94 0 3 4 5.9 3 91.5 4 608 3 91.1 4 7.7 3 89.5 4 9.2 
5 92„2 6 80O £ 
s 
88o4 6 9.5 5 8^.5 6 11.1 5 85.4 6 13.5 
7 90.4 9 llol 7 85.6 8 II08 8 82.8 9 15.1 7 81.7 8 16.0 
8 89.2 J4 14.. 9 83.2 10 1304 11 79.2 12 18.5 9 78.9 10 18.6 
13 85.4 20 I808 11 80o9 12 15.5 14 76.1 15 21.8 11 76.2 12 21o0 
19 81.2 25 2105 15 77 c 3 16 18.6 18 73.0 19 25.1 13 74.0 14 23.5 
2^ 78 o,5 33 25.1 20 73 0 5 21 21.6 23 69*3 24 27.9 15 72.0 16 25ol 
31 75 0 2 ,42 28o6 25 70 0 7 26 24.4 28 66.6 30 30.9 17 70.2 18 26.9 
41 710 3 43 28.9 31 68.0 32 26.8 34 63.9 35 33.1 19 68.6 20 28.5 
51 6So2 52 31c4 37 65-7 38 29.1 40. 61.5 41 35.3 21 67.3 22 29.8 
61 66.5 62 34-2 47 62o5 48 32.0 46 60.1 47 37.1 24 65.4 25 310t 
70 63.6 69 35.2 57 60.4 58 34.0 57 57.8 58 4005 29 62.7 30 34*5 
93 60.0 94 39o5 72 58.2 73 36.9 64 56.4 65 41.8 34 6O.4 35 36.5 
113 57o5 114 42o2 88 56.9 89 39.3 69 55.0 70 42.0 39 58.8 40 38.4 
121 56o7 122 43.0 103 56ol : 104 41.6 71 4202 ^ 55.9 50 41-3 
125 56.4 126 43.4 116 55.9 116 43.0 53 54.9 51 41.5 
Table 3-C „ Diffusion Data „ 4 i n c h Plugs-CO Sat«d„ 
Runs 4-29 ( 6 x 0 . 2 0 ) Rung4-28 (e-~0„25) Run §4-24 ( e - 0 . 3 0 ) Run§4-23 ( * = 0 0 3 5 ) 
P3 729o2 mm Ps 730.7 mm Ps 734.2 mm Pi 730.5 mm. 
n % 0o103 D§ 0.128 D§ 0.150 D§ 0o!56 
, ^ #2 
1 #1 #2 #1 #2 #1 #2 
t a t 2 t I t % +; i / "I t " J t I 
0 99.5 0 0.0 . 95.6 0 0„0 0 98„8 2 2.0 0 98.7 2 1.2 
X, 97.3 2 0.4 3 93.4 2 1.4 3 95.4 4 4.0 1 95.2 5 4.7 
3 94.5 4 1.4 5 910 5 4 2.6 3 91.5 6 6.0 3 91.1 7 6.9 
5 93.2 6 2.3 8 89.4 7 4.3 
c 89.6 7 6.9 
' - :•• 
89.6 9 808 
7 92.1 8 3.0 13 86.6 12 7.7 8 87 a 9 8.8 6 87.3 11 10o5 
9 91.2 10 4.1 18 83.9 17 llo2 10 85.4 11 10 ol 8 85.6 13 1203 
11 90.1 13 6e0 33 mr-, 1 t 0 «L«. 27 15.1 12 84.2 13 11*9 10 83.3 14 13.2 
14 89.1 18 7.7 47 74.0 43 21.0 14 82.8 15 12.8 12 81.5 17 15.4 
19 87 o0 25 10,6 61 69.4 60 25.5 16 81.5 17 14.4 15 79.5 18 16.I 
(Continued) 
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Table 3-C, Diffusion Data . 4 inch Plugs-C02 Sat 'd, 
(Continued) 
Run :4-29 u- 0.20) Run: 4-28 ( e«o .25) Run:4-24 (€-=0.30) Run: 4-23 U ^ O . 3 5 ) 
P : 729. ,2 mm P: 730.7 mm P : 734.2 mm P: 730.5 mm 
3 : 0.103 D: 0.128 D: 0.150 D: 0.156 
#1 J2 #1 #2 #1 #2 ML §2 
t i t i t 4 2. t t t £ t %_ t %. t i. 
26 84.6 33 12 .8 92 64 .0 91 31.5 18 80.2 19 15 .7 16 78.5 22 18 .9 
34 81.8 42 15.5 134 59.0 131 36.8 22 78.2 23 18 .0 19 76.4 29 22.3 
43 79.3 52 18.2 166 56.4 165 39 .4 25 76.5 24 18.5 21 75.2 34 24.2 
54 76.7 55 19 .0 197 54.5 196 41.3 31 73.8 30 20.7 28 71 .4 44 27.9 
66 74.2 65 21.0 40 70.3 39 24.6 35 68 .3 49 30.5 
82 71 .4 81 tcl^o -L 50 67.3 49 27.8 45 64.6 64 33 .0 
106 67 .1 100 27.3 65 63.6 64 31 .4 50 61.8 98 39 .1 
121 65.8 120 29.7 95 58.5 94 36 .7 65 59.7 
151 62.6 150 32.9 130 54.5123 40.6 97 53.5 
181 60.2 180 35.5 
211 58.2 210 37 .7 
214 58»0 240 39 .3 
241 56.5 302 42»0 
301 54-1 
Table 3-D. Diffus ion Data . 8 inch '. Plug-C02 Sat
5do 
Run : 8-5 ( * = 0.25) Run: 8-3 ( e = 0 .30) Run: 8-1 ( e = 0 . 3 5 ) Run: 8-6 (e s 0 „ 4 0 ) 
P : 737. 5 mm P : 740.7 mm P : 737.3 mm P: 739.9 mm 
J) s 0.119 D: 0.134 D: 0.157 Ds 0.164 
#L #2 #1 #2 §y #2 ft #2 
t % t of p t i t % t % t % t % t & 
0 100 0 0.4 
1 96 .7 2 0.8 0 100 0 0o0 0 100 0 0.3 0 100 0 OoO 
3 95.7 4 1.6 1 94.6 2 0.0 1 95.6 2 0.3 1 y4<>i ,-1-1—T 
5 95 ,1 7 2 .1 3 93.8 5 0.7 3 91.2 4 1.2 3 rtn c Check 89.5 B a l l 
8 94.2 9 3 .0 4 91.2 8 1.6 5 88.9 6 2 . 1 5 87 .1 Stuck 
11 93.3 13 4 .2 7 88.2 11 2.5 7 87.2 8 2 .6 6 86 .0 19 8.8 
17 91.5 18 5o3 10 86.6 16 4 .2 10 8 5 . 1 9 3 .1 8 84.0 21 9.6 
29 89.5 31 8.3 15 83.7 17 4 .4 14 82.8 13 5.2 10 82 .4 22 lOoO 
37 87.6 38 9.6 18 82 .4 27 7.9 17 81 .2 16 6.5 12 81.2 24 H o 2 
48 86.4 49 11 .4 26 79.8 35 : L0.4 22 79 .0 21 8.7 13 80 .7 25 11 .4 
63 83.9 64 13 .6 33 78.2 45 13 .0 28 76.7 27 10 .1 30 77.0 27 12 .4 
84 80.3 S5 17 .4 43 75.7 56 15.8 34 74.6 33 13 .2 23 75 .7 29 13.2 
(Continued) 
Table 3-D. Diffusion Data. 8 inch Plug»C02 Sa t ' d . 
(Continued) 
Run 5 8-5 U = 0 . 2 5 ) Run; 8 -3 ( * = 0 . 3 0 ) Runs 8 - 1 ( € - = 0 . 3 5 ) Runs 8-6 ( 6 - = 0 . 4 0 ) 
P s 737o 5 mrr Ps 7 4 0 . 7 mm Ps 7 J / . 3 mm Ps 7 3 9 . 9 mm 
D s 0 , 1 1 9 Ds 0 . 1 3 4 Ds 0 , 1 5 7 Ds 0 , 1 6 4 
# 1 #2 
£ t g 
# 1 #2 # 1 #2 # 1 #2 
t t i. i °L t ~ir~T~ir t £ 1 I 
93 7 9 c l 114 2 1 , 5 54 13-2 75 1 9 . 8 35 7 4 . 3 37 1 4 . 5 26 7 4 . 2 35 1 5 . 0 
113 76o8 130 2 3 . 6 74 6 9 . / 101 2 3 . 8 47 7 1 . 0 48 1 7 , 7 30 7 2 , 6 46 1 9 . 0 
116 7 6 , 5 142 2 5 . 0 100 6 5 . 3 134 2 8 , 1 57 6 8 , 6 58 2 0 . 2 36 7 0 , 6 61 2 2 . 7 
128 75o4 190 2 9 . 7 133 6 1 . 8 135 2 8 . 2 72 6 5 . 5 73 2 3 . 4 47 6 7 . 3 8 1 2 6 . 7 
141 7 4 c l 220 3 1 . 7 137 5 7 . 8 136 3 3 . 4 92 6 2 , 2 93 2 7 , 0 62 6 3 . 4 1 0 1 2 9 . 8 
188 70„2 234 3 4 . 2 169 5 5 . 1 170 3 5 . 4 122 58,4- 123 3 0 . 8 82 5 9 . 3 1 2 1 3 2 . 4 
218 6 8 , 1 283 3 5 . 7 180 5 4 . 7 179 3 6 . 1 172 5 3 / : 173 3 5 . 2 102 5 6 . 6 145 3 4 . 6 
252 6 6 , 3 310 3 6 . 8 181 5 4 . 5 182 3 6 . 2 190 5 2 . 8 191 3 6 . 6 122 5 4 . 2 166 3 6 . 5 
281 64o9 344 3 9 . 0 146 5 2 . 2 
309 64o2 377 4 0 . 3 166 5 0 . 7 
312 6 3 . 6 398 4 0 , 6 
343 6 2 . 2 429 4 1 . 9 
376 61 o2 449 4 2 . 6 
377 6 0 , 5 
4.08 5 9 . 5 
Tab l e 4-A. D i f f u s i o n D a t a , 1 i n c h P l u g s - N 2 S a t « d 0 
Runs 1 - 1 0 ( 6 - 0 . 2 0 ) Runs 1 - 8 ( 6 - 0 . 2 5 ) Runs 1-LX( 6=0.30) Runs 1 - 2 ( 6 - 0 . 3 5 ) 
Ps 733.5 mm Ps 731.2 mm Ps 737.8 mm Ps 733.7 mm 
Ds 0,125 Ds 0.123 Ds 0,129 Ds 0,147 
. #L #2 JO. §2 #1 #2 fl #2 
t <j t & t !1 Ii /0 t ~T~ £ °L A "T" t g 
0 9 9 , 4 0 1 .3 0 9 9 . 4 0 1 .3 0 9 9 . 6 0 0 , 6 0 100o0 0 1 , 4 
2 9 6 . 5 i 7 . 8 2 9 4 . 4 1 6 . 5 2 9 2 , 8 1 4 . 9 2 9 0 . 5 1 8 „ 4 
4 9 1 . 9 3 1 4 . 4 4 8 9 . 0 3 1 3 . 6 4 8 7 . 2 3 1 2 , 8 4 8 3 . 5 3 1 7 . 0 
6 8 7 . 3 5 1 7 . 4 6 8 5 . 0 5 1 8 . 2 6 8 2 , 0 5 18„4 6 7 8 . 4 5 2 3 . 4 
8 8 4 . 1 7 2 0 . 3 8 8 1 . 6 7 2 2 . 0 8 7 8 , 6 7 2 2 . 8 8 7 4 . 2 7 2 7 . 7 
10 8 1 . 2 9 2 3 . 0 10 7 8 . 6 9 2 5 . 4 10 7 5 . 4 9 2 6 . 3 10 7 1 . 6 9 31*3 
12 79c0 1 1 2 5 . 6 12 7 6 . 2 1 1 2 8 . 6 12 7 3 . 3 11 2 9 . 2 12 6 9 . 2 1 1 3 4 . 2 
15 7 5 . 9 1 3 2 7 . 7 17 7 1 . 3 16 3 3 . 2 14 7 0 . 8 13 3 1 . 4 1 3 68„0 14 37.6 
16 3 9 . 2 20 7 1 . 9 16 3 0 . 6 23 6 7 . 1 22 3 8 . 0 16 6 9 . 1 15 3305 15 6 6 . 0 27 6 7 . 6 21 3 3 . 7 28 6 4 . 3 27 4 0 . 4 18 6 7 . 4 17 35.5 20 6 2 . 3 21 4 2 . 9 
28 3 8 . 3 38 6 0 , 4 37 4 4 . 7 
43 4 6 . 4 
20 6 6 . 1 19 3 7 . 0 25 5 9 . 6 26 4 5 . 4 
42 5 9 . 6 24 6 3 . 4 25 4 0 . 6 28 58o 5 29 46 0 4 
45 5 8 . 8 44 4 6 . 5 12 
36 
3^ 
6 0 . 8 
5 8 , 9 
5 8 , 4 
31 4 3 . 5 
37 4 5 . 5 
39 4 6 . 2 
30 5 8 . 0 31 4 7 . 2 
Table 4-B. Diffus ion Da ta . 2 i n c h Plugs-N 2 S a t
! d „ 
Runs 2 ~ 1 0 ( e = 0 „ 2 0 ) Run; 2-6( e - 0 . 2 5 ) Runs 2 - 4 ( * = 0 „ 3 0 ) Runs 2 - 2 ( ^ 0 . 3 5 ) 
Ps 743-3 mm Ps 733-5 mm Ps 734*5 mm Ps 734-2 mm 
Do 0„110 Ds 0„135 Ds 0.150 Ds 0.150 
#1 #2 #1 #2 j& £2 #1 #2^ 
1 I i I - i ~I I I i. i i f i ^ T I & 
0 99.4 0 1.3 0 99-4 0 0o0 0 99-4 0 0o0 0 100.0 0 0.0 
2 98.0 1 3o7 2 96.4 1 3o9 2 95c6 1 4o9 2 96.2 1 3-9 
4 96„4 3 6.7 4 93-7 3 8.0 4 92.1 3 10.1 4 91.9 3 10.1 
6 93-1 5 9.1 6 91o0 5 11.2 6 88.9 5 13-2 6 87.9 5 Ho5 
11 92.6 10 13o4 8 88.6 7 13-2 8 85.8 7 16.3 8 84-5 7 18.2 
17 87.0 16 18.1 10 86.2 9 15-7 11 82.2 10 19.9 11 80.4 9 22.0 
22 84.1 21 21.0 13 $3o3 12 18.6 16 77.4 15 25o2 13 78.3 10 22Q7 
32 77.3 31 25o7 18 79o6 17 22.7 21 73o5 20 29.4 17 74-4 12 25o2 
44 73o7 43 31-3 23 76„2 22 26.2 27 70.1 25 32.0 21 71o5 16 29.1 
59 69o5 5B 35-2 28 73-4 27 29-0 31 68.1 28 33-7 26 68.5 20 32.2 
79 65-0 78 39-0 41 68.1 40 34-4 36 66.3 29 34-2 30 66.5 24 35-0 
102 61.0 101 42.5 57 63-3 56 39-2 46 62.7 35 36.3 36 63-9 29 37o7 
116 60.4 117 44-2 72 59-5 71 42.5 56 60.0 45 39-8 41 62.1 35 40.5 
131 57-3 130 45-3 87 58.2 86 45ol 67 58.2 55 42.4 46 60.6 40 42.2 
132 57.2 102 56o410146.6 66 45-2 51 59-6 45 43-8 
68 45-5 53 59.1 50 45-4 
54 46d 
Table 4-C „ Dif fus ion Data . 4 inch Plugs-N 2 S a t
J d , 
Run s 4-30(€r = 0.20) Runs 4-26( * - 0 . 2 5 ) Runs 4 - 2 5 U »0o30) Runs 4 - 2 2 ( e - 0 o 3 5 
P 8 730. 3 mm Ps 738.9 mm Ps 734-9 mm Ps 732.6 mm 
D § 0.103 Ds 0.126 Ds 0.150 Ds 0.168 
#1 #2 #1 #2 #1 #2 #1 #2 
t ~T t "T 1 ~i i I t ~%~ir~ir t ~X~T*£ 
0 99-6 1 3o4 0 99.4 0 0 .4 2 97 .7 0 0.8 3 96.5 0 1.2 
2 98.7 3 5-8 2 98.5 1 3-8 4 95.9 1 4-2 4 95-4 2 5o0 
4 97-3 5 7 .4 4 97-3 3 7.3 6 94-4 3 8.2 7 92 .4 5 11ol 
6 97-1 7 8.6 6 96 .1 5 8„7 8 92.8 5 9-5 8 91-4 6 12 .2 
8 96 .1 9 9-6 7 95 .3 8 9*2 10 91-2 7 12.3 11 88.4 9 15 -7 
10 95.3 11 10.5 9 94.3 12 89-6 9 14-6 13 86.8 10 I606 
13 94-1 12 l loO 12 92 .4 27 21 .1 15 87 .8 11 16 .3 14 86.0 12 1804 
14 93-8 18 14-0 15 90.8 37 24.6 19 85.2 14 18.2 1.7 82.9 15 20 .7 
20 91-2 16 90„3 52 29-1 24 82.3 18 20.6 21 81.3 16 21.3 
30 87-9 22 15.0 21 88.2 67 32.7 31 79-3 23 23-4 22 8O06 19 23.5 
45 83-3 32 18 .1 26 86.0 87 36 .1 32 78 .8 30 26.6 27 77-6 20 24-2 
(Continued) 
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Table 4 - C Diffusion Da ta , 4 : Inch P lugs -•N2 S a t ' d . 
(Continued) 
Run .: 4 - 3 0 ( e = :0.20) Run: 4-26(fc - 0 . 2 5 ) Runs 4-25(fc - 0 . 3 0 ) Run; 4-22( t • =0.35) 
P : 730. ,3 mn 1 F: 738.9 mm P : 734.9 mm P: 732.6 mm 
E t 0.103 D: 0.126 D? 0.150 D: 0.168 
n #2 m. #2 1 #1 
#2 #1 #2 -P
I i t i t 1 t . 2 
cf 
i 12 t ^ 
t % t £ 
70 77.8 47 <.<C i x 4 36 82 .1 107 39 .1 43 74.7 34 28.3 32 75.4 25 26o7 
90 74.3 71 27.6 51 77.7 137 42.5 55 71 .4 44 31 .6 37 73.4 30 29.1 
127 69.4 91 30.8 66 74.0 167 45 .2 73 67.5 56 34.6 47 70.0 35 31.2 
155 66o9 120 34.7 86 7 0 . 1 88 64*6 72 39.0 62 66 .1 45 34.8 
166 66.1 151 37.7 106 67.2 134 59.5 87 41 .3 77 63.0 60 38.6 
205 63.0 170 39.3 136 63.7 145 58.7 132 46 .1 125 57.4 75 41.9 
243 61.0 201 41.3 166 61.0 144 47 .1 124 47.4 
272 59.8 242 43.8 




Table 4-Do Diffus ion Da ta . 8 inch Plug-•N2 S a t ' d . 
Run i 8-4 (€ - 0 . 3 0 ) Run i .8-2 (< - 0 . 3 5 ) Rur L: 8-7 (* - ' 0.40) 
P s 734.8 mm P s 739.9 mm r ls 738.7 mm 
13 s 0o130 n : 0.144 r ): 0.168 




t i. t £ t % t 2 t ll 
0 99 .6 0 0.5 0 99.6 0 0.4 0 100.0 0 0.0 
2 99.5 1 5.1 2 99 .4 1 6.2 2 100.0 1 3.9 
4 98 .4 3 9 .4 4 98.6 3 10.9 5 98 .4 3 10 .4 
6 97.6 5 11 .6 6 98.0 5 13.6 8 96 .6 4 11.9 
7 97.2 8 14 .0 8 97.4 7 15.6 11 95.2 6 J - 4 . 4 
10 96.9 11 16 .0 11 96.2 9 17 .0 16 93.0 7 15 .4 
14 95 .6 15 18 .4 16 94.0 12 19 .0 19 91.2 9 17o2 
20 93.6 21 20.7 19 93 .4 17 21.5 29 87.2 10 17.7 
25 91.9 23 21.5 21 92.4 22 24.2 39 83.4 12 19.7 
30 91 .2 28 22.9 26 90 .4 27 26o 2 40 83ol 17 22.6 
31 90 .8 34 25o2 36 87.0 37 29.4 55 79 .1 18 23.2 
35 89.2 42 27.3 49 83 .1 47 32.5 71 75.8 28 27.6 
46 86o3 49 28.9 50 82.7 63 35.9 91 72.5 38 31.2 
48 85.7 61 31o2 64 79.9 84 39 .3 111 69.6 41 32o4 
50 85.6 62 31.5 85 76 .2 107 42 .2 131 67.7 56 36.6 
60 83.5 72 33 .4 106 72.9 120 43.8 153 65.6 57 36„8 
71 81.5 90 36o4 119 71c7 156 47.0 171 64.4 72 4O0O 
(Continued] ) 
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Table 4-D. Diffusion :Data. 8 inch Plug-N Sat 'd , 
(Continued) 
Run : 8-4 (e = 0.30) 
P : 734 .8 mm 
D : 0.130 
#1 #2 
t % t % 
77 80.4 92 36.7 
78 80.3 112 39.1 
91 78.2 127 40.7 
93 78.1 149 43.1 
111 75.0 182 45.7 
126 73.8 214 47.4 
148 71.5 230 48.2 
181 68.6 237 48.3 
215 66.6 
229 66.0 
240 65 o3 
2A1 65o3 
Run: 8-2 (e =0.35) 
P: 739.9 mm 
D: 0.144 
#1 #2 ^ 
t % t £ 
155 68.1 187 49.5 
186 64.4 218 51.1 
223 63.6 
Run: 8-7 (e=0„40) 
P: 738.7 mm 
D: 0.168 
#1 #2 
+ el t & 







RUN NOo BAROMETER ROOM TEMP. MEDIA TEMP. BATH DATE 
P T MATLo POROSITY 
Purged C0« I n l e t L i n e s : Min. Purged N2 I n l e t L i n e s : Min. 




T. C„ Unit No. 1 T. Co Unit No. 2 
TIME READING ELAPSED TIME %*2 Til® READING ELAPSED TIME - N 2 
3peci£ i l N o t e s 




Sample Calculation.-- The diffusion coefficient calculation for a 
sample diffusion run is given below s 
Datas Run 1-3 ( p o r o s i t y 0.30) 
Lengths 1 inch (nominal) = 2.38 cm ( co r r ec t ed 
f o r gate t h i c k n e s s ) 
tUoWN.,) - 0.500 
1G0 - 0.994 
2G0 ~ 0.014 
2c(t) s 0.300 





V2 = 338 
V - 8.2 
y rrm 0o02/f 
C a l c u l a t i o n s s Equat ion (67)* Chapter V* i s 
c - £o 
T - 2 
i - ^ + ¥ - ( i - ^ + ^S)e"2P\1"6+ k5 
V ( p i 4 V ^ 6 > \ - | ( l V t 4>) 
V I i2n2 \ iafr2>/ < 
S u b s t i t u t i o n i n Equat ion (67) gives 
,300 - „497 
exp 
,0122 + „ 0001,48 -(1 - . 00405 + . 000009) 
2(o0243)(D)(750) (1 - .00405 + .000013) 
5o66 
(-DUX.0243) (1 - 6(o0243) 
9o89 





The terms fo l lowing t h e summation a r e n e g l i g i b l e and are dropped0 
Assumption of va lues f o r D produces the va lue sought qu i t e r e a d i l y „ For 
D = 0 d 4 9 the above s i m p l i f i e s to 
»300 = o4979(o9879 - ( ,99595)exp(~6 0 4l ) (o l49) 
o300 = „300o (Units of cm
2 /sec) 
I t proved advantageous i n these c a l c u l a t i o n s t o p l o t the va lues determined 
by s u c c e s s i v e t r i a l s fo r the p o r o s i t y ex t remes c This enables one t o b e t t e r 
e s t ima te the t r i a l va lues of D and thus s o l v i n g f o r D becomes much e a s i e r 0 
C a l c u l a t i o n of Free Diffusion Coeff ic ient . -— From Sherwood1 the G i l l i l a n d 
equa t ion i s 
m3/2 
D = O0OO43 
P(V, 1/3 ^ Tr 1/3^2 + V. B ) 2 V 
^+.4 (69) 
Sherwood^, opc c i tog p c 18 0 
where D - diffusion coefficient , cm / s e c . 
T - absolute temperature, degrees K. 
^.jl/L - molecular weights of 'the two gases, 
P = t o t a l pressure, atm« 
V ,̂V = molecular volumes„ 
0O604.3 = empirical constant 
The values of V. and VR, respect ively, a re 31«2 and 2906. 
Subst i tut ion i n the above Equation gives 
D _ 0o0043 (273 + 40 ) 3 ' 2 
" .955 { (31 .2 ) 1 / 3 + ( 2 9 . 6 ) 1 / 3 } 2 \ 




subscript, refers to gas A 
a characteristic constant in the general solution 
subscript, refers to gas B 
a characteristic constant in the general solution 
concentration expressed as mol fraction 
concentration, mol fraction of gas A 
concentration, mol fraction of gas B 
concentration in porous medium at distance x, 
and time t 
concentration i n porous medium a t time t ~ 0 
f i na l uniform concentration i n system 
concentration i n gas volume 1 at time t = 0 
concentration i n gas volume 2 at time t s 0 
concentration in gas volume 1 a t time t = t 
concentration i n gas volume 2 a t time t = t 
diffusion coefficient i n porous medium 
mutual diffusion coefficient for system of 
gases A and B 
free diffusion coefficient 
a Duhamel's theorem function 
a Duhamel's theorem function 
molecular weight of gas A 
molecular weight of gas B 
N d i f f u s i o n r a t e * gas A, moles per un i t a rea 
N R d i f f u s i o n r a t e , gas Bs moles per u n i t area 
P t o t a l p r e s su re 
ft gas constant 
3 .„ c o l l i s i o n c ross s e c t i o n 
S R S u t h e r l a n d ' s cons t an t 
T abso lu te temperature 
a a F o u r i e r c o e f f i c i e n t 
b a c h a r a c t e r i s t i c c o e f f i c i e n t ( i nc ludes F o u r i e r 
c o e f f i c i e n t ) 
c-, a s o l u t i o n of the d i f f e r e n t i a l d i f f u s i o n equa t ion 
c^ a s o l u t i o n of the d i f f e r e n t i a l d i f fus ion e q u a t i o n 
d a q u a n t i t y i n the app l i ed s o l u t i o n 
g leng th and volume, gas con ta ine r i n genera l s o l u t i o n 
h l e n g t h and volume, gas con ta ine r i n gene ra l s o l u t i o n 
i d e s i g n a t e s term of a s e r i e s 
k Boltzman gp.s cons tan t per molecule 
1 l e n g t h and e f f e c t i v e volume, porous medium 
m. molecular mass gas A 
HL molecular mass gas B 
n des igna te s term of a s e r i e s 
n number of molecules pe r u n i t volume 
n. number of molecules gas A per uni t volume 
n^ number of molecules gas B per uni t volume 
p p a r t i a l pressure 
p. p a r t i a l pressure consti tuent A 
p R p a r t i a l pressure consti tuent B 
t time 
u. velocity of gas A 
Ug velocity of gas B 
x distance or length 
v. mean molecular speed of gas A 
v mean molecular speed of gas B 
z root of the general relation 
Hrvx 
momentum per unit volume per unit time 
/ transport in molecules per unit area 
'A transport of molecules A per unit area 
9 ^"AB'^'BA coefficient of diffusional resistance 
OC n an exponential index 
(3. a characteristic constant 
volume ratio 
porosity 
mean free path 
reduced mass 





V an integer 
p density-
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